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Abstract 
Activated carbon with its large surface area has extraordinary adsorptive capabilities through physical adsorption. Using this 
property a project on development of cryoadsorption Cryopump is ongoing at Institute for Plasma Research (IPR), India. Under 
the project, to study the desorption characteristics of various sorbents; a DeGassing Measurement System (DGMS) was set up. 
The DGMS facility works under vacuum environment with additional feature of baking to higher temperatures. DGMS provides 
accurate and sensitive measurements of weight change, with one microgram sensitivity, for a various samples (Activated carbon 
granules of different mesh sizes, Activated carbon spheres, Activated carbon pellets and fabrics i.e. Non-woven and Flat Knitted) 
exposed to controlled environmental conditions over an extended period of time. This paper reports degassing measurement 
results obtained for various samples studied to show quantitative evolution of the gases during vacuum and heating. 
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1. Introduction 
Activated carbons are unique and versatile adsorbents due to large internal surface area encompassing the pores. 
Categorized under micro-porous and meso-porous structure, they exhibit universal adsorption effects and high 
adsorption capacity references by Bansal et al. (1988), Patrick (1995) and Thomas et al. (1998), The adsorption 
capacity at cryogenic temperatures was targeted to develop Cryoadsorption Cryopump at IPR. 
For the project a number of sorbents were developed like spheres, granular structure, knitted and Non-knitted 
cloth etc. Degassing process, was carried out first under vacuum (Vacuum Degassing) followed by heating the 
samples to 1500C to 250C. In this paper principle and operation of DGMS, results of desorption studies and residual 
gas analysis are discussed. 
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1.1. Samples studies on DGMS 
Degassing behavior of several types of activated carbons that covered a variety of carbon source materials and 
pore volume distributions were studied. Table 1 describes the samples size and porosity. 
Table 1. Description of samples 
Type of samples Description 
Commercial grade Activated Carbon (CAC) Size 0.6-1.70 mm dia, surface area 1100 – 1200 m2/g at 77K. 
Granular Activated Carbon (GAC) Different mesh size 8/16 (1-2.36 mm) & 12/30 (0.6-1.76) with surface area 1126.74 & 1364.5 m2/g at 77K respectively 
Activated Carbon Spheres (ACS)   Size 0.3-0.7 mm dia. with surface area 2038.2 m2/g at 77K. 
Activated Carbon Pellets (ACP) Size 1 mm-9 mm dia with surface area 1003.1 m
2/g at 77K 
 
Activated Carbon Fabric (ACF-NW) 
Derived from viscose rayon in Non-woven form with surface area 
1773.2 m2/g at 77K.  
 
Activated Carbon Fabric (ACF-FK) 
Derived from viscose rayon in knitted form with surface area 2230 
m2/g at 77K. 
 
 
 
2. Description of Experiments 
The DGMS consists of gravimetric analyzer supplied by C I Electronics Ltd. UK coupled to a vacuum pumping 
system and Residual Gas Analyzer (RGA). RGA gives information about the evolved gases. System can sense up to 
1μg with a resolution of 0.1 μg. The systems allow isotherms and the corresponding kinetics of adsorption and 
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Figure 1. Different forms of activated carbon samples a) Commercial grade Activated Carbon (CAC)
b) Granular Activated Carbon (GAC) 8/16 c) Granular Activated Carbon (GAC) 12/30 d) Activated 
Carbon Spheres (ACS)  e) Activated carbon pellets (ACP) f) Activated Carbon Fabric (ACF-NW) g)
Activated Carbon Fabric (ACF-FK) 
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desorption to be determined, for set pressure & temperature changes. Its balance and pressure control system are 
isolated and controlled by thermostat. 
The process involves 
1. Weighing of sample (~100 ± 1 mg), introducing it to DGMS, bringing the reference level, maintaining the 
vacuum level at 10-4 mbar, studying the weight loss under vacuum environment. 
2. Initiate baking of the sample to 1500C, with pumping system kept on and study the weight loss and 
performing residual gas analyses of the desorbed gases. To know the gases desorbed RGA analyses was 
carried out. 
The RGA used was from Stanford Research System. It is essentially a small RF quadrupole mass spectrometer 
with electron impact ion source. The instrument has a mass range of 1 to 200 amu. RGA connected to DGMS 
through valve is pumped with turbo-molecular pump resulting in a pressure of about ≤ 10-5 mbar. The valve allows 
gases input to RGA in controlled manner. 
2.1. Principle of Operation 
The Key part of the DGMS is electronic bridge circuit, maintained in continuous balance by servo system. The 
head unit electro-magnetically balances the torque produced by the sample weight. A current flows through the head 
in exact proportion to the applied weight. This current provides an electrical output. Fig 2.(b) illustrates the 
operation of the DGMS head unit. The Balance Arm carries a shuttle interposed between a lamp and a pair of silicon 
photocells. A small displacement in the arm causes excess current flow through one of the photocells. This is 
amplified and passed through the moving coil restoring it to its original positional referenced by C.I.Electronics Ltd 
TGA System. In addition to generating a weight proportional current, this servo-action ensures a rapid response and 
makes the balance insensitive to external vibration. The simple bridge circuit illustrates the principle. With the arm 
central, the photocells have equal resistance and no bridge current flows. A slight arm movement changes the 
relative illumination on the photocells, unbalancing their resistances and causing a bridge current. This current 
passing through the movement coil rapidly produces a new equilibrium in which the residual bridge current just 
counteracts the external torque applied to the balance arm. 
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Figure 2. Description of  a) DGMS system layout and b) electronic bridge circuit 
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2.2. System description  
DGMS is designed for applications that involve monitoring changes in sample weight at elevated temperatures and 
possibly at reduced pressure or in controlled environment. The system furnace and furnace control unit enablethe 
sample to be heated to predetermined temperatures. The universal attachment allows samples to be suspended in a 
hot furnace while keeping the upper part of the apparatus cool. It also enables the sample to be weighed in a 
vacuum or immersed in a gas other than air. The samples were put on a crucible suspended via a glass string from 
the weight head. 
3. Experimental studies on various forms of carbon samples 
A series of experiments have been conducted under a range of operating conditions in degassing process using 
DGMS.As shown by the blank measurement Fig.4.no variation in weight was observed during vacuum and increase 
of temperature up to 150 0C as the system was blank (no weight was placed in the crucible). When granular 
activated carbon samples were put and system is under vacuum significant weight loss was found. Results of one of 
the samples of Granular Activated Carbon (8/16) has been shown in the fig.4 and compared with blank system. 
Significant weight loss was observed due to vacuum. On heating the sample again there is loss of weight observed 
and which gets saturated after few minutes. A series of experiments were conducted with different samples. Result 
shows (as described in table.2) 5 to 27% weight loss. For the commercial activated carbon sample least percentage 
loss (5%) and for Non woven fabric maximum percentage (27%) was observed.  
The pattern for the weight loss with respect to time for vacuum and heating is same for activated carbon sample 
as shown in Fig 4. Table 2 shows results for the test samples. 
 
WEIGH HEAD DISBAL
PUMPING UNIT SET UP WITH ATTACHMENTSDGMS EXPERIMENTAL  SETUP
Figure 3. Experimental system and its various components 
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Table 2. Comparative Results of Various Forms of Activated Carbons in Degassing Experiment 
*Degassing behavior as shown in fig.4 
 
Based on the above experimental studies estimation is made for the gas load on the vacuum pumping system 
when exposed to the above described activated carbon surfaces. A detailed comparison chart is given the table.3. For 
Sample description 
Loss in   
Vacuum 
(%) 
Mass Loss with  
Temperature 
(%) 
Total Loss (%) 
Commercial Activated Carbon 5 0.4 5.4 
*Granular Activated Carbon 8/16 9 1.3 10.3 
Granules Activated Carbon 12/30 7 0.5 7.5 
Activated Carbon Spheres 14 0.7 14.7 
Activated Carbon Pellets 16 1.3 17.3 
Activated Carbon Fabric -Non Woven  (ACF-
NW) 27 3 30 
Activated Carbon Fabric -Flat Knitted  (ACF-
FK) 16 2.1 18 
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Figure 4: Degassing plot for the Granular Activated Carbon samples and comparison with blank system 
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a cryoadsorption Cryopump types of sorbents used decides the gas load on the roughing pumping unit and decides 
the amount of gases to be released while regenerating. 
Table 3: Estimation of gas load on vacuum systems based on degassing studies 
*Density of air was taken as 1225 mg/ltr. 
4. Analysis for the residual gas species 
To know gases released from samples Residual Gas Analysis was carried out. It was done 1) to check the 
percentage contamination present in different carbon samples in the vacuum & as well as on heating and 2) to 
estimate stability of samples and gases in long experiment. For a given sample RGA study was done for H2O, N2, 
O2, H2, CO2 & CO and the results at different stages of the experiment are shown in table 2. It is clearly evident from 
the studies that release of water molecules percentage for all the samples in vacuum environment is high. A 
subsequent rise of CO2 has also been observed during prolonged heating. 
 
 
Sample Measurement Condition 
Gas species as measured by Residual Gas Analyzer 
H2O N2 O2 H2 CO2 CO 
Blank 
Wt Stable in Vacuum 67.2 26.6 0 0.5 0.3 0 
Initial stage of Heating  64.3 28.4 0 0.8 0.2 0 
On prolonged heating 60.6 31 0 0.8 0.3 0 
End of the Experiment (after 4 hours) 32.9 48.3 4.8 0.7 0.3 4.8 
CAC 
Wt Stable in Vacuum 68.5 25.7 4.6 0.5 0.3 0 
Initial stage of Heating 68.1 25.6 4.8 0.8 0.3 0 
On prolonged heating 58.7 23.2 3.6 0.7 11.3 0 
End of the Experiment (after 4 hours) 38.8 45.3 10.8 0.8 0.3 3.1 
GAC 8/16 
Wt Stable in Vacuum 64.3 27.8 6.3 0.6 0.4 0 
Initial stage of Heating 48.2 38.3 10.1 0.5 0.3 1.7 
On prolonged heating 51.6 28 5.5 0.6 9.7 0 
End of the Experiment (after 4 hours) 30.6 49.4 13.3 0.6 0.3 4.8 
GAC 12/30 
Wt Stable in Vacuum 63.3 29 6.1 0.7 0.3 0 
Initial stage of Heating 63.8 28.7 6 0.7 0.3 0 
On prolonged heating 56.9 22.6 3.7 0.7 9.5 0 
End of the Experiment (after 4 hours) 47.5 40.3 8.8 0.8 0.3 1.6 
Sample Description Total Loss (%) Mass Loss/Kg of sorbents (gm) 
*Desorbed Gas/kg 
(mbar-ltr) 
Commercial Activated Carbon 5.4 54   44.08 
Granules Activated Carbon 8/16 10.3 103  84.08 
Granules Activated Carbon 12/30 7.5 75  61.22 
Activated Carbon Spheres 14.7 147  120.00 
Activated Carbon Pellets 17.3 173  141.22 
Activated Carbon Fabric -Non Woven  
(ACF-NW) 30 300  244.90 
Activated Carbon Fabric -Flat Knitted  
(ACF-FK) 18 180  146.94 
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ACS 
Wt Stable in Vacuum 71.4 22.9 4 0.7 0.5 0 
Initial stage of Heating 62.5 29.6 6.3 0.7 0.4 0 
On prolonged heating 45 28 3.6 1 15.6 0 
End of the Experiment (after 4 hours 28.7 52.5 13.2 0.6 0.4 3.6 
ACP 
Wt Stabilised in Vacuum 59.5 32.2 6.9 0.5 0.4 0 
Initial stage of Heating 58.6 32.9 7 0.5 0.4 0 
On prolonged heating 49.9 23.3 3.7 0.5 17.9 0 
End of the Experiment (after 4 hours) 30 49.5 13.3 0.5 0.4 5.3 
ACFNW 
Wt Stable in Vacuum 72.3 21.1 3.2 0.6 0.5 0 
Initial stage of Heating 61.2 29.5 5.9 0.7 0.3 0 
On prolonged heating 48.8 26.1 3.4 0.8 15.5 0 
End of the Experiment (after 4 hours) 31.1 47.6 12.9 0.8 0.4 6.2 
ACFFK 
Wt Stable in Vacuum 67.3 26.4 4.9 0.5 0.3 0 
Initial stage of Heating 66.4 27 5.2 0.5 0.3 0 
On prolonged heating 58.8 24.7 1.9 1.5 6 0 
End of the Experiment (after 4 hours) 34.8 44.8 11.9 0.8 0.4 6.4 
 
5. Conclusion:  
Degassing measurements studies for Non-woven fabrics shows maximum desorption under vacuum. Observation 
reveals that such a study is suitable for selection of activated carbon types based on their degassing properties for the 
different application and RGA helps to find out the desorbed gas species. DGMS thus can find wide application in 
visualization of the sorption behavior of sorbents and brings clarity with respect to their chemical and physical 
properties. 
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